Neural tube defects (NTDs) are serious birth defects, which result from the failure of the neural tube to close in the cranial region, or more caudally along the spine by the 28th day of gestation.[@ref1] Infants born with anencephaly die within a few hours or days of birth, while those with spina bifida have lifelong disabilities with varying degrees of paralysis, hydrocephalus, requiring ventriculoperitoneal shunting, and neurogenic bladder and rectum with incontinence of urine and stools. According to the Neural Tube Defects Registry Cumulative Report 2000-2012 from multi-institutions in the Kingdom of Saudi Arabia (KSA),[@ref2] more than half of the patients with spina bifida and encephalocele (51%) are handicapped and cannot move around, while 21% can walk independently. Spina bifida associated damage to the spinal cord produces severe disabilities requiring extensive medical, surgical, and multidisciplinary care. The prevalence of NTDs ranges from one to 10 per 1,000 births, being highest in some regions of China and lowest in Scandinavian countries.[@ref3]-[@ref7] Defects in the cranial region include anencephaly, encephalocele (meningocele, or meningomyelocele), craniorachischisis totalis, and congenital dermal sinus. Spinal presentations include: spina bifida aperta (cystic, myelomeningocele \[MMC\], meningocele), myeloschisis, congenital dermal sinus, lipomatous malformations (lipomyelomeningocele), split cord malformation, diastematomyelia, diplomyelia, caudal agenesis, and amniotic band disruption. Numerous risk factors have been identified for NTDs, like maternal exposure to teratogens (methotrexate, valproic acid, and aminopterin), maternal diabetes, hyperthermia, low socioeconomic status, and lack of folate, as well as genetic succeptibility.[@ref8] The most common NTDs are spina bifida, anencephaly, and encephalocele. They may result in spontaneous abortion, stillbirth, or death in early infancy, or a lifetime of disability. The NTDs can be associated with syndromes and chromosome aberrations,[@ref8] which are important to identify to differentiate them from non-syndromic multifactorial NTDs for sound genetic counseling. In this retrospective study, we aimed to find the prevalence of NTDs, and compare our results with local and international data. We also aimed to reinforce the role of folic acid supplementation and fortification of flour with folic acid, as major preventive measures for prevention of NTDs, and increase awareness of childbearing age women of the importance of folic acid consumption before, and during pregnancy.

Methods {#sec1-2}
=======

The study consisted of retrospective analysis of data, spanning a period of 14 years (1996-2009), retrieved from the medical records of newborn babies admitted to the neonatal intensive care unit (NICU) with NTDs and their mothers at the Security Forces Hospital (SFH), Riyadh, KSA, the main hospital serving the employees of the Ministry of Interior and their dependents throughout the Kingdom. All babies with NTDs were identified by checking delivery logbooks, NICU records with diagnosis of NTD, and monthly perinatal statistics including all birth defects. The prevalence was calculated by dividing the number of live born infants diagnosed to have NTD by the total number of live born infants during the study period (1996-2009), and multiplying by 1,000 to obtain the prevalence of NTD per 1,000 live born infants. The prevalence of NTDs pre-fortification of flour with folic acid (1996-2000) included the number of live born infants diagnosed to have NTDs divided by the total number of live born infants during the same period multiplied by 1000. The same method was used for post-fortification prevalence (2001-2009). To compare our results with reports from other parts of KSA, from the region and internationally, the literature was searched using a MEDLINE search and NTD registry cumulative report (2000-2012) from multi-institutions in KSA.[@ref2] Fortification of flour with folic acid was mandated in the KSA in the year 2001. The population studied included live born babies with NTDs admitted to NICU at the SFH. Cases with spina bifida occulta were not included. As NTDs due to syndromic, genetic, and chromosomal defects are not preventable by folic acid, we adjusted the prevalence of NTDs pre- and post-fortification by excluding these cases from our calculations to ascertain the impact of these cases on the prevalence.

Statistical analysis {#sec2-1}
--------------------

All prevalence rates are given per 1000 live births. Categorical data were summarized with absolute numbers and percentages while continuous data were summarized with means and standard deviations (SD). To compare the prevalence rate before and after fortification, we used the exact rate ratio test, assuming poison counts. Comparison among different groups was performed using Chi-square test for categorical variable and analysis of variance (ANOVA) for continuous variable. All analysis was performed using the Statistical Package for Social Sciences version 17 (SPSS Inc., Chicago, IL, USA), and R software version 2.11.1 (GNU General Public License, Boston, MA, USA).

Results {#sec1-3}
=======

During the study period of 14 years (1996-2009), the total number of live borns was 85,672 infants, of whom 103 live born infants (58 females, 45 males) had NTDs; thus, the prevalence of NTD was 1.2 per 1000 live births. This prevalence is similar to that reported from other regions in KSA and Gulf Cooperation Council (GCC) countries, lower than reports from other Arab and Islamic countries, but higher than that found in USA and Western countries (**Tables [1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}, & [3](#T3){ref-type="table"}**). All babies with obvious NTDs were admitted to the NICU, others with mild forms like spina bifida occulta were admitted to the normal nursery, and were not included in analysis. Stillborn babies with NTDs were also not included, as well as termination of pregnancies. All deliveries were registered in the delivery ward records. Pre-fortification (before 2001) prevalence was 1.46 per 1000 live borns and did not differ significantly from the post-fortification prevalence of 1.04 (*p*=0.103). When the syndromic causes of NTD were excluded from calculation, the pre-fortification prevalence was 1.43 and post-fortification was 0.81, with a significant *p*=0.0088 (**Tables [4](#T4){ref-type="table"} & [5](#T5){ref-type="table"}, [Figure 1](#F1){ref-type="fig"}**). The mean maternal age for all NTDs was 29.45 (±7.31) years. Of the 103 cases of NTDs 51 (49.5%) were MMC, 29 (28.15%) anencephaly, 18 (17.5%) encephalocele, 2 (1.9%) lipomeningocele, 2 (1.9%) sacral agenesis, and one (0.97%) amniotic band syndrome. There is female predominance especially for encephalocele with a M:F ratio of 0.45, and 0.66 for anencephaly, and 0.77 for all NTDs. Other reports from the literature also showed a high prevalence of NTDs in females. The site of spinal defects: lumbosacral in 42.6%, lumbar 25.9%, dorsolumbar 18.5%, sacral 9.3%, and 1.85% for cervical, and dorsal. A similar distribution was also found in other reports. The majority (85%) of NTDs were detected antenatally by ultrasound scan.
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Prevalence of neural tube defects in different regions of Saudi Arabia.
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Prevalence of neural tube defects in different Arab/Islamic countries.
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Prevalence of neural tube defects in other countries.
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Comparison between pre-fortification (1996-2000) and post-fortification (2001-2009) prevalence of different types of neural tube defects (NTDs).
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Comparison between pre-fortification (1996-2000) and post-fortification (2001-2009) prevalence of neural tube defects (NTDs) with and without syndromic causes.
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![Comparison between pre-fortification (1996-2000) and post-fortification (2001-2009) prevalence of neural tube defectswith, and without syndromic causes.](SaudiMedJ-35-S29-g006){#F1}

Associated syndromes and anomalies with MMC included omphalocele, multiple congenital anomalies (MCA), Waardenburg syndrome, Walker-Warburg syndrome, and bilateral choanal atresia. Syndromes associated with encephalocele included 5 cases of Meckel-Gruber, and 2 cases of Joubert syndrome. Chromosome defects included one case of inverted Y (X inv Y) associated with dorsolumbar MMC, and one case 45, XY, der (13,14) (q10 q10) with large encephalocele who died a few hours after birth. The mortality rate was 48.5% of all NTDs. Morbidities included paraplegia in 70%, neurogenic bladder (81%), and hydrocephalus requiring ventriculo-peritoneal shunt in 63%. These children are followed up in the newborn high-risk clinics, pediatric neurology clinics, and neurosurgery outpatient clinic.

Discussion {#sec1-4}
==========

Prevalence of NTDs {#sec2-2}
------------------

From the analysis of our data at SFH, spanning 14 years (1996-2009), the prevalence of NTDs was 1.2 per 1,000 live borns. This is comparable (**[Table 1](#T1){ref-type="table"}**) to the prevalence reported by Safdar et al[@ref9] in Jeddah (1.3/1000), Murshid[@ref10] in Al Madina (1.09/1000), and Thaliji et al[@ref11] in the Eastern Province (1.6/1000); but much higher than the reports from the Southwest Asir area in 1992 (0.82/1000),[@ref12] and in 2001 (0.78/1000).[@ref13] Both studies from Asir[@ref12],[@ref13] were conducted during the pre-fortification of flour with folic acid, which was mandated in Saudi Arabia in 2001, and no mother in their studies received preconceptional folic acid supplementation. Their reports were likely to be an underestimation of the true prevalence since infants with anencephaly were not referred from peripheral hospitals to their main referral hospital (Asir Central Hospital) as stated by Asindi et al.[@ref13] Hakami and Majeed-Saidan[@ref14] reported from Riyadh in the Central Region a prevalence of 0.44/1000 post-fortification (2001-2010). However, they excluded from analysis 8 cases of dysraphism occurring as part of specific syndromes. Our prevalence is similar to those found in GCC countries: United Arab Emirates (1.14/1000);[@ref15] Oman (1.25/1000);[@ref16] and Kuwait (1.19/1000).[@ref17] Compared with other Arab and Islamic countries (**[Table 2](#T2){ref-type="table"}**) the prevalence in Saudi Arabia is much lower than Palestine (5.49/1000),[@ref18] Algeria (7.5/1000),[@ref19] Northern Iran (2.87/1000),[@ref20] and Sudan (2.4-3.48/1000),[@ref21],[@ref22] but similar to Jordan (1.1/1000).[@ref23] Compared with other countries worldwide (**[Table 3](#T3){ref-type="table"}**), our prevalence is similar to reports from Canada (1.28-1.89/1000),[@ref7] Germany (1.05/1000),[@ref24] and the USA (0.95-1.51/1000).[@ref3] According to the Centers for Disease Control and Prevention 2009 report,[@ref25] the prevalence in the USA pre-fortification was 0.204/1000, and post-fortification was 0.19/1000. Hendricks et al's[@ref3] report was from the Texas-Mexico border being influenced by Hispanics with high rates of NTDs. Our reported prevalence is also similar to that in France (1.09/1000),[@ref26] but lower than reports from the North of England (1.79/1000, including terminations),[@ref27] South Africa (1.74/1000),[@ref28] Chile (pre-fortification 1.70/1000, post-fortification 0.96/1000),[@ref29] Turkey (3.01/1000),[@ref30] and China with the highest rates in the world (6-14.9/1000).[@ref4] Shanxi province in Northern China has one of the highest reported prevalence rates of NTD in the world of 14.9/1000 births.[@ref4],[@ref5] The gender distribution in our study showed a female predominance (male to female ratio 0.77 for all NTDs) especially for encephalocele (M:F - 0.45), and anencephaly (0.66). These findings are similar to other studies that reported higher prevalence in females.[@ref20],[@ref31],[@ref32] The mortality rate (48.5%) was found to be high in our study, which includes all forms of NTDs, but all deaths were due to lethal conditions: Meckel-Gruber syndrome (5 cases), anencephaly (29 cases), Walker-Warburg syndrome, and other associated congenital malformations.

The role of folic acid {#sec2-3}
----------------------

Both observational and interventional studies including randomized controlled trials revealed that adequate consumption of folic acid periconceptionally can prevent 50-70% of NTDs.[@ref33],[@ref34] Fortification of flour with folic acid resulted in a significant decline in the prevalence of NTDs as reported by many studies (**[Table 6](#T6){ref-type="table"}**).[@ref9],[@ref35]-[@ref38] Our study revealed an apparent decline in the prevalence of NTDs in the post-fortification period (2001-2009), with a reduction of 30% (**[Table 4](#T4){ref-type="table"} & [5](#T5){ref-type="table"}**). This is further augmented when the syndromic causes, in which associated NTDs are not preventable by folic acid, are excluded from calculations, 44.5% reduction, the adjusted prevalence was 0.81/1000 live births, post-fortification compared with 1.43/1000 pre-fortification (*p*=0.0088). The syndromic causes constitute around 20% of all NTDs. This is due to the high incidence of genetic disorders of autosomal recessive inheritance as a result of a high rate of consanguineous marriages in KSA. On the other hand, the role of preconception folic acid supplementation is hampered by the fact that most of the pregnancies are unplanned, and almost all pregnancies are diagnosed after the first 4 weeks of gestation, the critical period for prevention, in addition to the poor levels of awareness of the importance of folic acid supplementation among childbearing age females, 88% of females in one study from KSA are not aware of the importance of folic acid.[@ref39]
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Effect of fortification of flour with folic acid on the prevalence of neural tube defects (NTDs).
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In our study, only 2% of women with an NTD affected child took preconception folic acid, while only 10% received folic acid within the first 4 weeks. Our study demonstrates that NTDs pose a significant public health problem in KSA calling for population-wide educational campaigns on folic acid, and its role in preventing NTDs. We also suggest fortification of the staple diet, which is rice with folic acid, and encourage consumption of foods rich in folic acid like vegetables, beetroot, asparagus, spinach, kidney beans, lentils, and fruits like melons and strawberries. With advances in molecular genetics and diagnostic tools, genetic and syndromic causes of NTD can be prevented utilizing preimplantation genetic diagnosis (PGD), or early detection of these cases by chorionic villous sampling and by high resolution early antenatal ultrasound scan and offer early termination of pregnancy and sound counseling for the family.

Limitations of the study {#sec2-4}
------------------------

Limitations of our study include a retrospective study and only live born infants are included, thus missing significant numbers of stillbirths, and termination of pregnancies due to lethal syndromes associated with NTD like Meckel-Gruber syndrome and other conditions.

In conclusion, the prevalence of NTDs (1.2 per 1000 live births) in the present study is similar to that reported from other regions of Saudi Arabia and GCC countries, lower than reports from other Arab and Islamic countries, but higher than that found in the USA and Western countries. The reduction (30%) was not statistically significant (*p*=0.1030) between pre-fortification prevalence and post-fortification prevalence. Syndromic, genetic, and chromosomal defects were remarkable and constituted around 20% of total NTDs. This could be the reason why the prevalence of NTD did not change significantly post-fortification as these cases are not preventable by folic acid fortification and supplementation. It is suggested that all women capable of becoming pregnant to take periconceptional (namely, 2-3 months before and until 3 months after conception) 0.5 mg folic acid or folic acid-containing multivitamin supplementation, and 5 mg if there is family history of NTD. This can be augmented by establishing a network of preconception or periconception care within the primary health care, and a national campaign to raise awareness of NTDs and the importance of folic acid in its prevention, utilizing the public, and social media. There is also a need to consider fortification of rice, which constitutes one of the main staple foods for the Saudi population. Genetic causes of NTDs can be prevented by preimplantation genetic diagnosis, or by early termination of pregnancy if such cases are detected early in pregnancy.
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